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ABSTRACT 


This document provides steady-state, total-dose radiation test data, in 
graphic format, for use by electronic designers and other personnel using 
semiconductor devices in a radiation environment. The data were generated by 
JPL for various NASA space programs. The document is in two volumes: Volume I 

provides data on diodes, bipolar transistors, field effect transistors, and 
miscellaneous semiconductor types, and Volume II provides total-dose radiation 
test data on integrated circuits. 

Volume I of this 1985 Supplement contains new total-dose radiation test 
data generated since the August 1, 1981 release date of the original Volume I, 
JPL Publication 81-66. 

Volume II of the 1985 Supplement will be published at a later date. 
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SECTION I 


INTRODUCTION 

The data presented in this report describe the results of Total Ionizing 
Dose (TID) tests of semiconductor devices (Volume I) and integrated circuits 
(Volume II). The data were obtained by the Jet Propulsion Laboratory (JPL), 
under contract to NASA, in order to assure the "hardness" (radiation resis- 
tance) of components to be used in a variety of radiation environments. 
However, the data are applicable to any ionizing radiation environment. Two 
primary radiation sources were used: a Cobalt-60 gamma ray source and a 2.5 
MeV electron Dynamitron. Irradiations of complex ICs were subcontracted to 
the Boeing Radiation Effects Lab (BREL), Seattle, Washington, where the 
necessary computerized test equipment was available, but the work was subject 
to JPL specifications and procedures. The data presented here (Volume I of 
the 1985 Supplement) are primarily in a graphic format for various device 
operating conditions as a function of dose. Some measure of the statistical 
variations of each device lot is provided by the tabulated standard deviations 
and a statement of sample size. Irradiations of different lots of a given 
device type are treated as separate tests. 

In Volume II, the information on some integrated circuits is presented in 
tabular format. For more complex large-scale integration (LSI) devices, the 
data are given in a narrative form, which gives proper emphasis to the 
radiation-induced changes in measured parameters. Volume II of the 1985 
Supplement will be published at a later date. 

All data taken here substantially meet the specifications of MIL-STD-883, 
Method 1019.1 for environments where short-term annealing is not a relevant 
problem. Three or more radiation levels at room temperature were performed, 
with electrical parameter measurements typically taken within 20 minutes of 
the completion of an irradiation, and a worst-case bias for JPL's systems 
applications sustained during irradiation. 
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An additional publication is scheduled for release in late 1986. This 
publication will present design guidelines regarding Single Event Upset (SEU) 
phenomena in high-energy-particle radiation environments. The original Volume 
III published in 1981 will not be updated. 


SECTION II 


DOCUMENT USES AND LIMITATIONS 


The purpose of this report is to provide test data for semiconductor 
devices exposed to a steady-state TID irradiation. As such, it offers a use- 
ful radiation response comparison of different devices that might be considered 
in the development (circuit design) of a radiation-hardened system. It also 
offers a quick method for assisting an engineer to determine the weak links in 
an existing system, and the maximum radiation tolerance of the system as a 
whole . 

The data presented here cannot, in any way, be used as a substitute for a 
comprehensive testing program of the devices actually used in a given system, 
but is intended as a useful guideline for device selection. It will be clear 
on inspecting the data that there are large lot-to-lot, or waf er-to-wafer , 
variations in the sample response of a given device type. The difference in 
response from functionally identical devices fabricated by different manufac- 
turers is, of course, much greater. There was no attempt to remove maverick 
(outlier) devices from the data plots; thus, some data plots may appear anom- 
alous when compared to other plots for the same device type. Finally, there 
is always the likelihood that given manufacturers will make minor adjustments 
in their processing procedures that will result in major differences in device 
radiation response . 
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SECTION III 


GENERIC DEVICE TYPE INFORMATION 


Some generalized comments appropriate to each generic device type are 
provided in the following subsections, and a description of vendor identifica- 
tion codes is provided in Appendix A. The mean of the electrical parameters 
measured for each generic device type is given on the ordinate of the graphs, 
and a detailed description of these parameters is provided in Appendix B. 


A. DIODES 

Radiation tests of diodes have been very limited for space programs 
because of the inherent radiation hardness at the total dose level of 300 
krad(Si) (Galileo Project specification). However, testing may be required 
for special high-precision applications or for higher total-dose environments 
where large (orders of magnitude) increases in the leakage current can be 
expected . 


B. BIPOLAR TRANSISTORS 

For convenience, the degradation in transistor gain (h ) is plotted as 

r E 

i(l/h_ r ) = l/h__, - l/h„„ , where h„„ . is the value at the specified radiation 
H rE^ rEO r E<p 

level, and h^ va l ue - Implicit in this approach is the 

assumption that the radiation behavior can be approximated by the well-known 
formula : 


A(l/h F£ ) = K* 

where 4> is the dose (or fluence) and K is a damage constant that depends on 
the device and collector current, I . 

w 
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c. 


FIELD EFFECT TRANSISTORS (FETs) 


Junction-gate field effect transistors (JFETs) have a considerably higher 
tolerance to radiation-induced bulk damage than bipolar transistors because 
they are majority-carrier devices. Therefore, most tests were conducted using 
electron irradiations. Key parameters plotted as a function of dose include 


l nno > V * transconductance, noise voltage, and I n (off). 

Dob bo D 

(See Appendix B.) 


D. OPTICAL DEVICES 

The optical device type is an infrared-emitting diode (IR-LED). The 
emission efficiency of GaAs LEDs is greatly reduced by irradiation. 
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SECTION IV 


RADIATION SOURCES AND DOSIMETRY 


A. DYNAMITRON 

The Dynamitron accelerators at JPL and BREL provide a 2.5-MeV beam with a 

8 10 2 

beam-current range of 10 to 10 electrons/cm /sec. All tests described 
here were irradiated with exposure times between 5 and 45 minutes. 

The test geometry for the two Dynamitrons is essentially the same in that 
the electron beam reaches the devices after passing through a 0.05-mm titanium 
window, copper and aluminum scattering foils, and 0.9 m of air. Each of these 
materials scatters the electrons slightly so the beam has a reasonable 
uniformity (<20%) over the device array under test. The device array is 
confined within a 25-cm-diameter circle perpendicular to the beam direction, 
and at the center of this circle is the aperture of a vacuum Faraday cup, 
which is used to control the electron-beam flux and fluence. The beam is 
centered on the Faraday cup with a quadrupole magnet prior to the installation 
of the test samples, and the Faraday cup output current fed into a current 
integrator, which is calibrated daily with a calibrated current source. The 
integrator is set to automatically shut off the electron beam when the desired 
fluence level is received by the Faraday cup. 


B. COBALT-60 SOURCES 

The Cobalt-60 gamma ray sources at JPL and BREL were both used. The 
gamma rays consisted primarily of 1.17 and 1.33 MeV photons with a consistent 
spectrum of lower-energy photons and secondary electrons arising from scatter- 
ing and absorption. The gamma field was uniform within +10 percent in the 
area where parts were exposed, which was verified by thermoluminescent dosime- 
try (TLD), consisting of lithium f luoride/Tef Ion microrods. The main source 
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calibration was performed with Landsverk ion chambers of +2 percent accuracy, 
traceable to the National Bureau of Standards, and monthly dose rate computa- 
tions were performed to account for the Cobalt-60 decay. Exposure times with 
the Cobalt-60 sources were typically 5 to 20 minutes for each radiation level, 
but longer times (up to 4 hours) were required for high-dose applications 
because the maximum uniform dose rate available was 50 rads/second. 
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SECTION V 


TEST SETUP AND PROCEDURES 

A. GENERAL REMARKS 

The test setup and procedures used to gather these data were developed in 
accordance with MIL-STD-883 specifications. All tests were done at 25°C + 

3°C, using low noise power sources and instrumentation subject to periodic 
calibration. Some tests were performed in situ (without removing the test 
devices from the radiation area), whereas others required remote testing. In 
the latter event, a mobile bias fixture was used to maintain bias, except 
during the brief measurement period. 

A detailed test plan was written for each test. This plan included 
device description, irradiation bias conditions, radiation levels, electrical 
parameters to be measured, and measurement conditions. The data were 
processed by both hand and computer, and the calculation of normal standard 
deviations was made after deletion of clearly erroneous data. Each graph has 
a log number and can be retrieved if required by specifying the log number to 
the Radiation Effects Group (Section 514) at JPL. 

B. TESTING WITH A MATRIX BOARD 

A matrix board switching system was built to be used as a master control 
panel and was set up outside the irradiation area. The matrix board inter- 
faces the devices under test (DUT) to the power supplies and measurement 
equipment via a special 15-meter (50-foot), double-shielded cable (see 
Figure 1). A built-in potentiometer for each DUT can be used to control bias 
voltages and currents. The matrix board was designed with very high insulation 
resistance so that very low current measurements (10-50 pA) can be made. When 
not being tested in situ , devices are removed from the radiation area for 
measurements . 
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RADIATION SAFE 
TESTING AREA 


RADIATION TEST CELL 


Figure 1 . Diagram of the Test Setup for Dynamitron Testing 


C. TESTING WITHOUT A MATRIX BOARD 

For tests that are not in situ , the DUTs are removed from the site for 
approximately 20 minutes between each radiation level. A mobile bias 
(battery) is applied to the devices at all times except during parameter 
measurements. Remote measurements include tests at a Lorlin Impact 100 pulsed 
tester for some of the transistors, and readings from a Tektronix 178/577 
curve tracer for testing some operational amplifiers. Occasionally, custom 
test circuits are used in the test to simulate the device application. 


D. TESTING AT BREL 


A number of ICs were tested for JPL by BREL personnel. Most of these 
tests were not in situ . Complex LSI devices such as A/D converters, memories, 
and microprocessors were irradiated with the BREL Dynamitron or Cobalt-60 
sources and tested on a Tektronix 3260 computerized IC tester by test programs 
written by BREL to JPL's specifications. 


5-2 









SECTION VI 


DATA PRESENTATION 


A. GRAPH NOMENCLATURE 


The data are presented in this section, and a sample graph, explaining 
the nomenclature, is shown in Figure 2 . Each of the electrical parameter data 
plots is represented by a single line per graph except for bipolar transistor 
data, which use multiple lines to represent different collector currents. A 
table at the bottom of each graph lists the test conditions when applicable, 
and the normal standard deviations of each data point at each dose level.* 

Date codes usually indicate when the device was packaged. For example, 
8420 indicates the device was packaged in the twentieth week of 1984. If no 
date code is available, the space may be used for other identifying numbers 
such as wafer number or lot number. 


* The log-normal distribution actually provides a better fit to most radiation 
data than the normal distribution. Hence, caution should be exercised in 
estimating worst-case conditions based on the limited statistical data 
presented herein. 
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NUMBER OF DEVICES TESTED 



DATE CODE OR OTHER 
IDENTIFYING NUMBER 


(l)ICBO <VC0=-4OV) IN NA: VS DOSE 


TABLE OF NORMAL STANDARD DEVIATIONS 

CURVE 

DOSE, kilorads(Si) 

75 150 300 600 1000 

A 

0797 1465 24M 6279 6553 


INITIAL MEAN VALUE ICBO <NA> = 1 16X10 +O 


STANDARD DEVIATION 
VALUES FOR EACH 
MEASUREMENT POINT 


Figure 2. Graph Format Description 


B. DIODES 


Diode radiation tests have been very limited for space programs because 
of the inherent radiation hardness at the total worst-case dose levels [300 
krad(Si)]. Testing may be required for special high-precision applications or 
for higher total-dose environments where large (orders of magnitude) increases 
in the leakage current can be expected. 
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DEVICE TYPE: MZ4626 ZEICR DIODE DEVICE TYPE!: MZ4626 ZENER DIOOE 

MFC: MOT 3 DEVICES TEST OATE 6-22-62 MFG: MOT 5 DEVICES TEST DATE 6-22-62 



'PUUE VR-2(V) = 5.64XIO* 0 INITIAL MEAN VALUE Z-TEMP(C) = 2.67X10 





















DEVICE TYPE: MZ4626 ZENER DIODE DEVICE TYPE: MZ4626 ZENER DIOOE 

MFG: MOT 4 DEVICES TEST DATE 6-22-82 MFC: MOT 4 0EV1CES TEST DATE 6-22-82 

REF: JPL LOG 0822-2 ORTE CODE NOC REF « JPL LOG 0822-2 ORTE COOE NONE 
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DEVICE TYPE S02048 (SCHOTTKY DIODE) DEVICE TYPE 502048 (SCHOTTKY DIODE) 

MFG SCN 10DEVICECS) TEST DATE 2-14-84 4 2-15-84 MFG SCN 10OEVICE(S) TEST DATE 2-14-84 4 2-15-84 

REF JPL LOG# 1042 DATE CODE NONE REF JPL LOG# 1042 DATE CODE NONE 



OQA (VIA! SO) dA NV3IAI 




H 


L2J 

CO 

CN 

II 

< 

tr 


UJ 

3 

-J 

< 

> 


< 

UJ 

2 




< 

H 



VIAI HI NV3IAI 


6-7 






DEVICE TYPE S02048 (SCHOTTKY DIODE) 
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BIPOLAR TRANSISTORS 


Transistor gain (h ) degradation is plotted as A(l/h ) = 
b E FE 

1/hpE^ " ^^ l FEo > w ^ ere h FE( j) is the va l ue at the specified radiation 

level, and hp Eo is _the initial value. This subject was discussed in Section 

III, paragraph B. 

A method of determining the final hp £ , when the initial hpp and post- 
irradiation A(l/hpg) are known, is shown in the following example for a 
2N2222 device type at of 20 V at 300 krad(Si). 

!• Scale the value of A(l/h ) from the applicable graph for a 

b hj 

2N2222 transistor at the stated conditions. In this example, 

A ( 1 / h ) is determined to be 0.008. 

r E 

2. Determine the minimum specified pre-irradiation hp E for this 

device type. In this example, the initial specified minimum hpp 
is 100. Then proceed as follows: 


h FE ( final) 


1 


A(1/h FE ) 


1 

h (initial) 
FEo 


h fE (f inal) 


1 


0.008 



53.6 


Table 6-1 may also be used to determine the final hpp. Locate the 
post-irradiation A(l/hpp) value in the left-hand column, and the initial 
hp E on the top row. The column and row intersection is the final hpp. 

The data on leakage and saturation currents are plotted directly as a 
function of dose. 
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Table 1. Determination of Final hpp, Given Initial hp Eo 
and Post-Irradiation A(l/h ) 


mmmi page & 

Of POOR QUALITY 
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DEVICE TYPE- 2N916 NPN TRANSISTOR 

MFC ' -lOT 5 DEVICES TEST QfiTE 6-21-64 

REF- JPL LOB 1072 DOTE CODE SL072 
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DevlC£ TYPE: 2N1304 TRANSISTOR *PN DEVICE TYPE: 2N1304 TRANSISTOR 

MFG : TIX 6 DEVICES TEST DATE 11-23-02 W*G: TIX 6 DEVICES TEST DATE 11-24-62 

REF: JPL LOG 0679 DATE COOE 7627 REF: JPL LOG 0660 DATE CODE 7627 












DEVICE TYPE- 2N1304 TRANSISTOR *PN DEVICE TYPE: 2N1304 TRANSISTOR NPN 

MFC ' T1X 6 DEVICES TEST DATE 12-1-82 MFG : T1X 6 DEVICES TEST DATE 12-1-62 

REF: JPL LOG 0676 DATE COOE 7627 R£F : JPL LOG 0681 DATE CODE 7827 
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DEVICE TYPE: 2N13CM TRANSISTOR NPN DEVICE TYPE: 2N1301 TRANSISTOR NPN 
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222 NPN TRANSISTOR 
OeVIC.ES TEST ORTE fi- 16-64 
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DEVICe TYPE: 2N2369 NPN TRANSISTOR 

MFGt MtTT 5 DEVICES TEST DOTE 6-20-64. 

REF : JPL LOCJ 10*73 DOTE CODE SLO*73 
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OEVICE TYPE: 2N2432 LOW POWER TRANSISTO DEVICE TYPE: 2N2432 NPN LOW POWER TRANSISTO 

ff“G: T1X 8 DEVICES TEST DATE 3-31-61 MFQ: TJX 8 DEVICES TEST DATE 3-31-61 

REF: JPL LOG 0725-1 OATE CODE 102 REF < JPL LOS 0725-2 DATE CODE 102 
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DEVICE TYPE; 2N2432 NPH LOU POWER TPflNSJSTO 
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DEVICE TYPE: 2N24S4. NPN TRftNSISTOP 

tIFQ: MOT 5 DEVICES TEST DRTE 6- 37-64 

REF: JPL LOG 10T5 ORTE CODE SL41S 
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DEVICE TYPE. 2N2658 NPN POWER TRANSISTOR 
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DC GAIN vs DOSE 

INITIAL MEAN DC GAIN VALUE = 46.5 @ 1.0 mA 

60.2 @ 10.0 mA 
71 7@ 100 0 mA 



DEVICE TYPE: 2N2907 PNP TRANSISTOR 

MFS: MOT 5 DEVICES TEST DOTE 2-7-B5 

REF- JPL LOG 3 074 DOTE CODE SL333 
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DOSE, rads(Si) 2.5 MeV electrons 
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DEVICE TYPE* 2N2907 TRANSISTOR DEVICE TYPE: 2N2907 TRANSISTOR 



<bN) 0931 Nb3W 


6-26 


INITIAL MEAN VALUE IC8Q (NA) = 1.16X10* 1 INITIAL MEAN VALUE ICBO (NA) = 2.19X10 











DEVICE: TYPE- 2N2920 DUAL M*N TRANSISTOR DEVICE TYPE 2N2920 DUAL NPN TRANSISTOR 

*CG MOT 7 DEVICES TEST OATE 7-14-81 MFG MOT 6 DEVICES TEST DATE 2-05-82 

REF* JPL LOG 0774 DATE CODE NOTC REF JPL LOG 0801 DATE CODE NOfC 
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DOSE, rads(Si) Co^ Gammas 
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OEVICE TYPE* 2N2920 TRRNSISTOR DUAL NPN DEVICE TYPE 2N2920 NPN LOW POWER TRANSISTOR 

fiFG: TIX 6 OEVICES TEST DATE 1-06-63 ME G- TIX 6 DEVICES TEST DATE 1-6-62 
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10 4 1.3 ? 1 4 3 * 6 10 5 t.9 2 I I SI I 10 6 10 4 1.3 2 3 4 3 6 6 10 5 1.3 2 J 4 

DOSE, rads(Si) 2 5 MeV electrons DOSE, rads(Si) 2.5 MeV electrons 
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DEVICE TYPE- 2N2920 TRANSISTOR DUAL NPN DEVICE TYPE- 2N2920 TRANSISTOR DUAL NPN 




<bN> 0931 NU3UI 



(UNI) 0931 Nb3UI 
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INITIAL HERN VALUE ICBO <NA) = 7.13X10*^ INITIAL MEAN VALUE ICBO (NA> = 1.53X10* 



DEVICE TYPE 2N3019 TRANS 1 STOP NPN 

MFG: NOT 3 DEVICES TEST DATE 6-14-64 

REF' JPL LOG 10*70 DATE CODE SL03*7A 


ORIGINAL PAGE IS 
OF POOR QUALITY 














DEVICE TYPE: 2N3350 
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DC GAIN vs DOSE 

INITIAL MEAN DC GAIN VALUE = 268.0 @ 1.0 mA 

241.3 @ 10.0 mA 
81.8 @ 100.0 mA 



OEVICE TYPE: 2M3501 TRANSISTOR NPN (DEVICE TYPE: 2N3301 TRANSISTOR N PH 

MTG* MOT 6 DEVICES TEST DATE 12-2-62 ^G ; MOT 6 DEVICES TEST DATE 02-06-63 

REF JPL LOG 0929 DATE COOE 6244 REF: JPL LOG 0973 DATE COOE 6313 
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(am Cv) 75 225 525 925 75 150 300 600 1000 

.1000 20 O 0137 0216 .0209 0190 19.53 20.03 70.95 305.7 266.2 

1000 20 0 0130 0234 0213 0177 “ 

1 000 20 0 0029 0049 0051 0050 INITIAL VALUE ICBO (NA> = l . 10X10 

10 00 20.0 .0007 .0014 .0019 .0021 
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Device Type 2N3637 PNP PCwC D 7 RONS l SI OR DC V ICC TYPE 2N3637 PNP POUCR TRANSISTOR 
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DeviCE TYPE ♦ 2N3637 PNP POWER TRANSISTOR 
mfg. mot a Devices test oate to-7-at 
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DEVICE TYPE: 2N3700 LOW POWER TRANSISTOR DEVICE TYPE: 2N3700 LOW POWER TRANSISTOR 

l^G: NSC 5 DEVICES TEST DATE 11-11-61 MFG* -NSC 6 DEVICES TEST DATE 11-11-61 
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DEVICE TYPE. 2N3799 
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DC GAIN vs DOSE 

INITIAL MEAN DC GAIN VALUE = 528.8 @1.0 mA 

384.7 @ 10.0 mA 




DEVICE TYPE: 2N3964 PNP TRANSISTOR 









DEVICE type 2N4I50 NPN TRANSISTOR XV ICE TYPE- 2N4150 NPN TRANSISTOR 

MFG. SOO 6 OEvrCES TEST OATE 7-30-61 MEG- SOO 6 DEVICES TEST DATE 7-30-61 



( t)N ) U30 1 Nt)3W 


6-47 


INITIAL MEAN VALUE ICER < NA> - 7 70X10" 1 INITIAL MEAN VALUE VCE (V) = 1.49X10' 













OEVICE TYPE 2N4150 NPN TRANSISTOR 



( A ) 39A Nd3W 
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INITIAL MEAN VALUE VBE ( V ) =1 6SX10' 





DEVICE TYPE- 2N4150 NPN TRANSISTOR DEVICE TYPE: 2N4150 NPN TRANSISTOR 

^G: SOD 6 OE VICES TEST DATE 7-31-81 MEG- SOD 6 DEVICES TEST DATE 7-31-81 
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INITIAL MEAN VALUE VCE (V) = 1.50X10“° INITIAL MEAN VALUE VBE (V) = 1.69X10' 









DEVICE TYPE’- 2N4 150 *>N POWER TRANSISTOR DEV I CD TYPE * 2N4130 NPN POWER TRANSISTOR 

MFC: SOO 0 DEVICES TEST DATE 10-29-ftl rFG: SCO ft DEVICES ~ TEST DATE 10-29-fti 

REF: JPL LOG 0795 ORTE COOE 6120A REF: JPL LOG 079ft DATE CODE 6120A 
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INITIAL MEAN VALUE VCE<SAT)V = 4.62X10'* INITIAL MEAN VALUE VBE(SAT)V = 1. 10X10 











DEVICE TYPE- 2N4150 M 9 N POWER TRANSISTOR DEVICE TYPE 2N4150 NPN POWER TRANSISTOR 

MEG- UTR 5 DEVICES TEST DATE 6-24-61 MEG UTR 6 DEVICES TEST DATE 6-24-61 

REE JPL LOG 0736-1 DATE CODE 8024 REE JPL LOG 0736-2 DATE CODE 6024 
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00 0 6 00 0060 . 0062 . 0100 . 0064 E 1000 5 00 0007 0010 .0013 0040 

000. 6 00 . 0009 . 0014 . 0016 .-0016 F 5000 5 00 0002 0004 0006 0012 





DEVICE TYPE 2NA150 NPN POWER TRANSISTOR OEVICE TYPE 2N4150 NPN POWER TRPNSISTOR 

KTG* UTR 8 DEVICES TEST DATE 10-28-61 MFG. UTR 8 DEVICES TEST DATE 10-28-81 

REF JPL LOG 0792 OATE CODE 7901 REF. JPL LOG 0792 DATE CODE 7903 
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1000 5.00 0002 0002 0003 

5000. 2.00 0001 0001 .0002 




DEVICE TYPE 2N4I50 NPN POWER TRANSISTOR OEVICE TYPE 2N4150 NPN POWER TRANSISTOR 

KFG- UTR S OEVICES TEST ORTE 10-28-81 MEG- UTR 8 OEVICES TEST DATE 10-28-81 

REF. JPL LOG 0792 OATE CODE 7901 REF JPL LOG 0792 DATE COOE 7901 
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Dev ICE TYPE. 96EJ103 POWER TRANSISTOR 



( 3j 4/1 )V °d®W 
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0096 0096 0165 0*47 A .1000 20.0 .0069 .0197 .0356 .0515 

0004 0004 .0008 0016 B 4.000 5.00 .0005 .0006 .0015 .0020 

0002 0002 0003 0006 C 10.00 5.00 . 0010 . 0003 . 0004 «#*« 





DEVICE TYPE: 96EJ103 NPN POWER TRRNSISTOR 
MFC: SOO 5 DEVICES TEST OOTE 10-16-fll 



(VN) ti3DI Nb3W 
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INITIAL MEAN value ICERIA) = 1.74X10' 









OCVICE TYPE : SOT 3323 P*#> POCR TRANSISTOR DEVICE TYPE SOT3323 PNP POWER TRANSISTOR 

^G; SOO a DEVICES TEST DATE 7-17-61 MFG. SOO 8 DEVICES TEST DATE 9-22-fll 





6-59 




DEVICE TYPE. SDT3323 NPN POWER TRANSISTOR 



INITIAL MEAN DC GAIN VALUE = 107 5 @ 1.0 mA 



DEVICE TYPE: SOT 3423 *>N POWER TRANSISTOR DEVICE TYPE: SOT 3423 NPN POWER TRANSISTOR 

MFG : SOO 0 OEVICES TEST DATE 7-16-01 MFG . SOO 6 OEVICES TEST DATE 10-26-01 

REF* JPL LOG 0771 DATE CODE 0123 REF* . JPL LOG 0770 DATE CODE NONE 
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DEVICE TYPE: SDT3423 



1.0 mA 
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CO 
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91.8 @ 100.0 mA 




D. FIELD EFFECT TRANSISTORS (FETs) 


Junction-gate field effect transistors (JFETs) have a considerably higher 
tolerance to radiation-induced bulk damage than bipolar transistors since they 
are majority-earner devices. Therefore, most tests were conducted using 
electron irradiation. Key parameters plotted as a function of dose include 

^SS* ^DSS * V GS’ transconductance > noise voltage, and I D (off). 

(See Appendix B.) 
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DEVICE TYPE 2N4338 N-CHAN JFET DEVICE TYPE 2N4330 N-CHAN JFET 

MFG: SIL 3 DEVICES TEST DATE 1-8-82 MFG: SIL 3 DEVICES TEST DATE 1-8-82 



INITIAL MEAN VALUE ID( OFF )NA = 4 30X10‘ 2 INITIAL MEAN VALlC 1GSS(NA) = 1.26X10' 












DEVICE TYPE 2N4391 N-JFCT DEVICE TYPE* 2N4393 N-TFCT 



CSSCNH) * 5 22X1 O' 2 INITIAL MEPM VALUE 1 DOhT ( MA 1 = 5 20X10'“ 















DEVICE TYPC 2N4391 N-JFET DEVICE TYPE* 2N4391 N-JFCT 



(A) JJ0S9A Nb3W 
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INiriOL MCHN VHLUL VGSCJf-T(V) - 6 07X10’° INITIAL MEPN VALUE RDSON(OJ = 2 SSX1Q 










Device TVPC* 2 N 4391 (N-JFET) Device TYP€‘ 2 N 4391 (N-JFET 1 



(HN)JJOGI N«3W 
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INITIAL MEAN 








Device TVPC • 2N4393 (N-JFCT) DEVICE i-"YPf 2N4393 (N-JFET) 



(AHS9A NtGW 
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INITIAL MEAN VALUE V&SKVI = 6.46XlO +0 ]N1T]«_ MEAN VALUE VGlSlfV) «= 6.46X10' 













(N-JFET 1 Device TYPE* 2N4391 (N^IFETI 


ORlGFIVfAL PAG£ 1 $ 

OF POOR QUALITY 
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initial mean value vgs2(vi = 6.36xio +0 initial mean value vgs2Cvi 
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initial mean value vgs3cvi «= 6.i&x30 +0 initial mean value vgs3(vi « 6.i6Xao' 












2N4391 (N-JFET1 DEVICE TYPE: 2N4393 CN-JFET1 
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INITIAL MEAN VALUE GM2 fUMHOl = 5 .06Xl0 +2 INITIAL MEAN VALUE QM2CUNH01 = 5.06X30' 






















2N4867 N-JFET DEVICE TYPE 2N4867 N-JFET 

3 OE VICES TEST DOTE 9-23-81 MFG: SIL 3 DEVICES T 



INITIAL MEAN VALUE VGS(V) = 4.83X10' 1 INITIAL MEAN VALUE GM(MMHOS) = 6.36X10' 










DEVICE TYPE 2N4867 N-JFET 
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INITIAL MEAN VALUE GM(MMHOS) = 6.36X10* 
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DEVICE TYPE IRF150 HEXFET 

MFG INR 3 DEVICES TEST DATE 12-17-82 



(Vd)SSDI NV3IAI 
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INITIAL MEAN VALUE IGSS(PA) = 4.37x10 +o 





(tiN)SSQI NU3M 
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INITIAL MEAN VALUE IDSS(NA) = 7.03X10 +3 INITIfiL MEAN VALUE IDSS(NA) = 7.03X10 










DEVICE TYPE IRF150 HEXFET 

MFG INR 3 DEVICES TEST DATE 12-17-82 

REF JPL LOG 0953-3 DATE CODE 8213 


ORIGINAL PAGE IS 
OF POOR QUALITY 


10 



(VN)SSOI NV3IAI 
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INITIAL MEAN VALUE IDSS(NA) = 7.03x10 +3 




( A ) IS9A Nd3W 
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INITIAL MEAN VALUE VGSKV) = 2.96X10*° INITIAL MEAN VALUE VGSUV) = 2.96X10*° 




DEVICE TYPE IRF150 HEXFET 

MFG INR 3 DEVICES TEST DATE 12-1 7-82 

REF JPL LOG 0953-3 DATE CODE 8213 
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TABLE OF NORMAL STANDARD DEVIATIONS 
CURVE DOSE, kiiorads(Si) 

75 150 300 600 

C .0651 .0586 .1942 0827 





















DEVICE TYPE: IRF150 KEXFET 

MFG: INR 3 DEVICES TEST DATE 12-17-62 
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INITIAL MEAN VALUE VGS2(V) = 3.59X10 1 





uevice type* iar\so hexeet device type. irtiso hextet 






6-84 


INI T I PL MEAN VALUE VGSJ(V) = 4.03X10** INITIAL MERN VALUE VGS3IV) = 4.03X10' 










dgvice type. irfiso hexfet 

rFG: INR 3 OE VICES TEST DATE 12-17-82 

REF: JPL LOG 0953-3 DATE CODE 8213 


ORIGINAL PAGE is 
OF POOR QUALITY 
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(MfSOA NfcGW 
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Device Type: IRf 130 f€XFET 

MFG: I NR 3 DEVICES TEST DATE 12-17-62 



(A)frSDA N03W 
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INITIAL MEAN VALUE VGSKV) = 3.11X10' 










30IA30 13JX3H OCUtil 3dAi 30 ! A 



98X10 









DEVICE TYPE: IRF 150 HEXFET 

HFG: I NR 3 DEVICES TEST DATE 12 - 17-32 

REF: JPL LOG 0953-3 DATE COOC 8213 
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INITIAL MEAN VALLE RDS(ON) = 2 . 98 X 10 















DEVICE Tvp£ J230 N-FET DEVICE TYPE J230 N-«TT 

MFG SIL 5 DEVICES TEST DOTE 5-6-81 MEG* SlL 5 DEVICES TEST QPTE 5-6- 

PEF- JPL LCG 0731-1 D«TE CODE 8035 PET JPL lCG 0731-2 D»TE CGDE 8035 


ORIGINAL PAGE IS 
OF POOR QUALITY 



(AO)SOAV NtGW 


*=■ o 
oo m 


O O 
— fO 


D 

a 





in 

o 





'q 





6 


/ 




UJ 

to 

o 

O 

o 

►- 

a 

cn 

n 

■q 

O 

CO 

> 

■o 



> 

UJ 

o 

CD 

k. 

o 

CN 

o 

r\j 

co 

c 0 

a 

s 

J 2 


in 

© 

> 

a 

z 

LU 




cn 


a 

10 


O 


in 

© 

LO 

co 

O 


> 

_i 




> 

D 

CO 

cO 

a 

>' 

a 

o 

z 



o 

<o 

o 





> 

la. 




<3 

O 





U» 





OJ 

a 

t— 

UJ 

> 

ft 


cr 



u> 




n 

+ 

o 

x 

■q 

*<1 

ii 


6-91 











DEVICE TYPE: U40I DUflL N CHflN JFET DEVICE TYPE: U401 OUPL N CHflN JFET 

MFG: S1L 8 DEVICES TEST OfiTE 6-1-82 fF6: SIL 8 OE VICES TEST DOTE 6-1-82 
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IGSS(PA) = 8.70X10* 1 INITIPL MEAN VALUE IDSS(MR) = 3.30X10' 












DEVICE TYPE: IM01 DUAL N CHPN JFET DEVICE TYPE: U401 OUBL N CHPN JFET 

IfQ: SIL 8 DEVICES TEST DATE 6-1-62 WO: SIL 8 DEVICES TEST DATE 6-1-82 



(SOHWW)WO Nb3W 




< A ) SOA NU3W 
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INITIAL MEAN VALUE VGS(V) = 1.08X10*° INITIAL MEAN VALUE GM(MMHOS) = 2. 79X10' 





CCVICE TYPE: U401 DUAL N CHAN JFET DEVICE TYPE: U401 DUAL N CHAN JFET 



MEAN VALUE IGSS(PA) = 9.61X10* 1 INITIAL MEAN VALUE IOSS(MA) = 3.52X10“ 


















DEVICE TYPE: U401 OUflL N CHflN JFET DEVICE TYPE: U401 OUPL N CHON JFET 

MF6: SIL 6 DEVICES TEST OflTE 6-2-62 MFQ: SIL 6 OEVICES TEST ORTE 6-2-62 


ORIGINAL PAGE IS 
Of POOP. n't/M !T y 
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INITIAL MEAN VALUE VGS(V) = 9.99X10* 1 INITIAL MEAN VALUE GM(MMHOS) = 3.55X10' 




DEVICE TYPE: U401 DU*. N CHAN JFET DEVICE TYPE: IM01 OUflL N CHAN JFET 



(bd>SS9I NbGW 


6-96 


INITIAL MEAN VALUE IGSS(PA) = 1.52X10** INITIAL MEAN VALUE lDSS(MO) 
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TABLE OF NORMAL STAND PRO DEVIATIONS TABLE OF NORMAL STANPA RO DEVIATIONS 

CURVE DOSE, kilorads(SO CURVE DOSE, kilorads(s7) 

30 75 150 300 600 30 75 1 50 300 600 

C . 1923 1923 1919 .1922 .1923 D 5666 .5667 5641 5589 .5655 




DEVICE TYPE: U401 DUAL N CH9N JPET OEVICE TYPE: U401 DUPL N CHPN JFET 
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IN I T I PL MEAN VALUE IGSS(PP) = 1.06X10** INITIAL KEAN VPLUE IDSS(MP) = 1.66X10' 





DEVICE TYPE: LU01 OUPL N CHAN JFET DEVICE TYPE: LUOl DUAL N CHPN JFET 

**G: SIL 6 DEVICES TEST OATE 6-10-62 MFG: SIL 0 DEVICES TEST OATE 6-10-62 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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INITIAL MEAN VALUE VGSCV) = 5.36X10"’ INITIAL MEAN VALUE GM(MMHOS) - 6.71X10' 




















DEVICE TYPE: U401 DUAL N CHAN JFET XV ICE TYPE: U401 DUAL N CHAN JFET 

MFG: SIL 6 0EV1CES TEST DATE 6-10-62 MFG: SIL 6 DEVICES TEST DATE 6-10-62 

REF: JPL LOG 0620 DATE COX NONE REF: JPL LOG 0620 DATE COX NOX 
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OEVICE TYPE : U401 DUAL N CHAN JFET DEVICE TYPE: U401 DUAL N CHAN JFET 

MFG- SIL 8 DEVICES TEST DATE 6-11-82 1FG: SIL 8 DEVICES TEST DATE 6-11-82 



(A)SOA Nt)3W 


6-103 


INITIRL MEAN VALUE VGS(V) = 5 09X10'’ INI URL HERN VALUE GM(MMHOS) = 3.93X10" 






DEVICE TYPE: U423 N-CHAN FET DEVICE TYPE: U423 N-CHAN FET 



(A)O-IOA NV3I/\I 


6-104 


INITIAL MEAN VALUE EGI-O(V) = l. 79X10’* INITIAL MEAN VALUE EGI-S(V) = 1.69X10’ 1 





DEVICE TYPE: U423 N-CHON FET OEVICE TYPE: U423 N-CHON FET 

IfG: SIL 4 DEVICES TEST DOTE 5-21-82 WG: SIL 4 OEVICES TEST OOTE 5-21-82 


to 



(A)S-2DA NV91AI 


ID 



6-105 


INITIAL MEAN VALUE EG2-0CV) = 1.82X10"* INITIAL MEAN VALUE EG2-S(V> = 1.70X10' 1 




DEVICE TYPE: U423 N-CHAN FET DEVICE TYPE: U423 N-CHAN FET 



( AD)23S10N Nt)3W 




( Afl ) 1 3S I ON NH3W 


6-106 


INITIAL MEAN VALUE NOISEKUV) = 4.«J0X10' # INITIAL MEAN VALUE N0ISE2CUV) = 3.37X10 

























E. 


OPTICAL DEVICES 


Each optical device uses a Gallium Arsenide (GaAs) infrared-emitting 
diode (IR-LED). The emission efficiency of GaAs LEDs is greatly reduced by 
irradiation due to bulk damage. 
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DEVICE TYPe TIL24 INFRAPED 01 ODE DEVICE TYPE TIL24 INFPAREO 01 ODE 



( A )2- JA NtGW 




(A)l-JA NtGW 
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INITIAL MEAN value vr-I(V) = 1.23X10"° INITIAL MEAN VALUE VF-2<V) = 1.33X10 






2P-!? 7 lltfO JS31 S3JIA30 
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DEVICE TYPE TIL-24 IR-LED DEVICE TYPE TIL-24 IR-LED 

MFG TIX 10OEVICECS) TEST DATE 12/1S/83 MFG TIX 10DEVICECS) TEST DATE 12-1S-83 

REF JPL LOG# 1023 DATE CODE REF JPL LOG# 1023 DATE COOE NONE 
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6-112 


INITIAL MEAN VALUE (RELATIVE OUTPUT) - 2E1 INITIAL MEAN VALUE (RELATIVE OUTPUT) 









APPENDIX A 

VENDOR CODE IDENTIFICATION LIST 
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VENDOR CODE IDENTIFICATION LIST 


INR International Rectifier Semiconductor, Inc. 

MOT Motorola, Inc., Semiconductor Products Division 

NSC National Semiconductor Corp. 

RAY Raytheon Company 

SCN Semicon, Inc. 

SIL Siliconix Devices, Inc. 

SOD Solitron Devices, Inc. 

TIX Texas Instruments, Inc. 

UTR Unitrode Corporation 


APPENDIX B 

SEMICONDUCTOR DEVICE ELECTRICAL PARAMETER 
SYMBOLS AND ABBREVIATIONS 
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SEMICONDUCTOR DEVICE ELECTRICAL PARAMETER 


SYMBOLS AND ABBREVIATIONS 


VG Gate voltage 

gm Trans conductance (FET) 

gm^/gn^ Transconductance ratio (FET) 

h__ Common-emitter static forward current transfer ratio (gain) 

r R 

I Collector cutoff current open emitter 

CBU 

I Collector cutoff current (dc) base open 

CEO 

I Collector cutoff current (dc) 

CER 

I^(off) Drain cutoff current (FET) 

I Zero-gate-voltage drain current (FET) 

1/bk) 

I /I ncc Zero-gate-voltage drain current ratio (FET) 


t gss 

I GSS 1 /I GSS 2 


Reverse gate current (FET) 
Reverse gate current ratio (FET) 


R 

NOISE 

Rp(on) 

R EC ( ° n) 

V DS 

V EC (0ff) 


GS 
A V 


GS 


V T 


V„ 


Reverse leakage current, diode 
Noise voltage at specified frequency (Hz) 
Drain-source on-state resistance (FET) 
Emitter-collector (on) resistance 
Drain-source voltage (FET) 

Emitter-collector (offset) voltage 
Gate-source voltage (FET) 

Radiation-induced change in gate-source voltage (FET) 

lorward voltage, IR-LED 
Reverse voltage, diode 
Reference voltage, diode 
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